Previously reported cases of iatrogenic sphenopalatine artery (SPA) pseudoaneurysm have occurred only after trans-sphenoidal surgery for pituitary tumors or maxillofacial surgery. In this article, the author presents what to the best of her knowledge is the first reported case of an SPA pseudoaneurysm that developed following endoscopic sinus surgery (ESS). The patient was a 76-year-old woman with myelodysplastic syndrome who presented with a 6-month history of unilateral sinus symptoms. She underwent septoplasty and unilateral ESS, which included frontal recess clearance and sphenoidotomy. However, during surgery, severe generalized bleeding was encountered. The bleeding was arrested only after anterior and posterior nasal packing. After two attempts to remove the packing failed, angiography was obtained. It revealed an SPA pseudoaneurysm, which was immediately and successfully embolized. SPA pseudoaneurysm is a rare but significant complication of ESS, and it should be considered in patients with posterior epistaxis after ESS or prolonged posterior nasal packing. The pathogenesis may include intraoperative trauma, infection, pressure necrosis from packing, or a combination of these factors. Optimal management includes either ligation or embolization, depending on anatomic, patient, staff, and resource factors. The author reviews the pertinent anatomy and the pathophysiology, diagnosis, management, and prevention of this rare complication.
Introduction
Endoscopic sinus surgery (ESS) has been shown to be safer and to result in greater symptomatic improvement than other sinus surgery techniques. 1 Reported complication rates associated with ESS range from 0 to 22.4%. 1, 2 Several severe vascular injuries associated with ESS have been reported; they include internal carotid artery injury, [3] [4] [5] internal carotid artery pseudoaneurysm, 6 and anterior cerebral artery aneurysm. 6 However, the most commonly injured vessels during ESS are the sphenopalatine artery (SPA), the anterior ethmoid artery, and the posterior ethmoid artery. 7 To date, no SPA pseudoaneurysms associated with ESS have been reported. The purpose of this article is to present the first case report of an SPA pseudoaneurysm following ESS. The author also reviews the literature and discusses the relevant anatomy, as well as the pathogenesis, diagnosis, management, and prevention of this rare complication.
Case report
A 76-year-old woman with a background of myelodysplastic syndrome and atrial fibrillation presented with a 6-month history of unilateral facial pain and paresthesia, nasal obstruction, anosmia, rhinorrhea, left eustachian tube dysfunction, and postnasal drip. Her symptoms had been unresponsive to multiple and prolonged courses of antibiotics.
Endoscopic examination revealed erythema and bulging of the medial wall of the left maxillary sinus. Computed tomography (CT) demonstrated a complete left-sided pan-sinus opacification with no bony destruction (figure 1). Because of concerns over fungal or neoplastic processes, surgery was recommended.
The patient's preoperative hemoglobin level was 112 g/L. At anesthesia induction, she was given 1 unit of Sphenopalatine artery pSeudoaneurySm after endoScopic SinuS Surgery: a caSe report and literature review erating theater. Endoscopic examination then detected a pulsatile mass arising from the area of the left SPA foramen. CT angiography (CTA) identified an oval 1.4 × 1.0 × 1.5-cm mass extending into the left nasal cavity adjacent to the SPA foramen (figure 2). Angiography confirmed that the mass was an SPA pseudoaneurysm originating in the maxillary artery (figure 3, A). The pseudoaneurysm was immediately embolized with polyvinyl alcohol particles and platinum coils (Boston Scientific; Natick, Mass.) ( figure 3, B ). The patient was successfully discharged 3 days later.
During 16 months of follow-up, the patient experienced no further episodes of epistaxis.
Discussion
While SPA hemorrhage has been reported following ESS, 1, 9 iatrogenic SPA pseudoaneurysms are extremely platelets and intubated with an endotracheal tube. Her nose was prepared with Neuro Patties soaked in Moffat's solution (5% cocaine, 1:1,000 epinephrine, normal saline, and sodium bicarbonate). The area of the left SPA was injected with 3 ml of 0.5% lidocaine with 1:200,000 epinephrine. Surgery involved a septoplasty and left uncinectomy, middle meatal antrostomy, complete ethmoidectomy, sphenoidotomy, frontal sinus minitrephination, and frontal recess clearance.
Pus was found in the left maxillary sinus (which showed gram-negative rods on microscopy). The sinus mucosa was generally edematous. At this stage, the nasal cavity was relatively dry (Boezaart scale 8 score: 2). However, prior to the reduction of the inferior turbinate, generalized bleeding resulted in poor operating conditions (Boezaart score: 5), which caused further surgery to be abandoned.
Tranexamic acid and desmopressin were given on the advice of the on-call hematologist. Bleeding continued despite suction monopolar diathermy, 2 further units of platelets, 1 unit of packed red blood cells, Surgicel Fibrillar (Ethicon; Somerville, N.J.), and Kaltostat rope packing (ConvaTec; Skillman, N.J.). The nose was then packed posteriorly with a 10-Fr Foley catheter and anteriorly with bismuth iodoform paraffin pack (BIPP) ribbon gauze (Evans Medical; Horsham, U.K.), which stopped the bleeding. The patient was transferred to the intensive care unit on intravenous cefazolin and tranexamic acid. She was extubated uneventfully that evening, and the balloon catheter was deflated the next day, although it was left in place.
Postoperatively, the patient's recovery was complicated by episodes of pulmonary edema, hypertension, and rapid atrial fibrillation that required monitoring in the coronary care unit. An attempt to remove the packing on postoperative day 5 resulted in massive epistaxis that required anterior and posterior packing once more. No mass was seen in the nasal cavity at this time. The bleeding appeared to be originating in an area adjacent to the anterior wall of the left sphenoid sinus.
On postoperative day 13, the packing was successfully removed in the op- rare, as only 9 such cases have been previously reported in the literature (table) . [10] [11] [12] [13] [14] These 9 cases were associated with either a Le Fort 1 osteotomy 10, 11, 14 or transsphenoidal surgery for pituitary tumors. 12, 13 ESS was not involved in any of these cases. Five of these patients were treated with embolization and 3 with ligation; 2 of the latter 3 patients underwent ligation after two failed embolizations.
Anatomy. The SPA is the terminal branch of the maxillary artery where it enters the sphenopalatine foramen. The SPA supplies the septum, turbinates, and lateral wall of the nasal cavity. Knowledge of the anatomy of the SPA and sphenopalatine foramen is vital for safe ESS and for successful surgical treatment of epistaxis.
The location of the sphenopalatine foramen varies. In 87% of people, it is located at the transition between the middle and superior meatus. 15 An accessory foramen is present in 10 to 12% of people. 15, 16 The anatomy of the SPA is also variable. In cadaveric studies, as many as 10 SPA branches have been found emerging from the sphenopalatine foramen. 17 However, more often only one (≤67% of specimens) or two (21 to 76%) branches are seen. 15, 18 The nasal septal artery and the posterolateral nasal artery are the two most common branches. 18, 19 The SPA anastomoses with the ethmoid branches of the ophthalmic artery (anterior and posterior ethmoid arteries) and, therefore, the internal carotid artery system. These anastomoses may contribute a collateral supply to an SPA pseudoaneurysm, and they can be a significant cause of treatment failure if they are not addressed. 18 Pathogenesis. A pseudoaneurysm is a pulsating, encapsulated hematoma that communicates with the lumen of a ruptured vessel. 20 Most cases are caused by trauma; other causes described in the literature include infection, 21 radiation, and tumor invasion. 22 The pathogenesis of pseudoaneurysms involves disruption of two or all three of the vessel layers; this disruption leads to hematoma formation in the soft tissues adjacent to the lumen. 10, 23 The hematoma, which is in continuity with the lumen, then organizes peripherally and liquefies centrally, thereby producing a cavity. 23 An inflammatory process ensues in the surrounding tissues, and this results in the formation of a fibrous capsular wall and the development of an epithelial lining in continuity with the lumen. 23 This process usually occurs in 1 to 8 weeks after injury. 24 The onset of the pseudoaneurysm in the present case fell within this time frame (13 days).
The possible causes of the pseudoaneurysm in the present case include intraoperative trauma, postoperative infection, pressure necrosis of the vessel secondary to prolonged posterior packing, or a combination of these factors. The patient also had significant risk factors for epistaxis, including myelodysplasia, pulmonary hypertension, and an edematous and possibly infected sinus mucosa at the time of surgery.
Intraoperative injury. The SPA and its branches are vulnerable to injury at several points during ESS: (1) during the opening of the sphenoid ostium, as the SPA is located in the inferolateral corner of the sinus and the septal branch also travels across the anteroinferior wall of the sinus, (2) when the horizontal portion of the ground lamella is being removed during ethmoidectomy, and (3) during middle meatal antrostomy when the perpendicular plate of the palatine bone is removed.
A cadaveric study by Lee et al found that 38% of posterolateral nasal arteries ran anterior to the posterior wall of the maxillary sinus, which places this branch at risk during removal of the perpendicular plate of the palatine bone. 18 When an SPA is injured, it can bleed immediately and drain into the nasopharynx, it can spasm and thrombose, 25 or it can retract into the sphenopalatine foramen. Therefore, an SPA injury might go unrecognized, only to eventually present as delayed epistaxis. The use of prophylactic antibiotics in nasal packing is an area of debate. Prophylactic antibiotics are recommended for cases of prolonged packing and for patients with risk factors, such as the patient in this case. 27 Packing. The patient in the present study was packed for a total of 13 days. Balloon catheters may be problematic because the pressure exerted on the nasal mucosa and surrounding structures is difficult to assess. 27 Klinger and Siegert used laser Doppler flow to measure septal mucosal perfusion after balloon tamponade, and they found that microcirculation ceased at low pressures (mean: 42 mm Hg) and at filling volumes up to 3.2 ml. 28 Furthermore, studies have shown that tracheal mucosal damage occurs at pressures above 20 to 25 mm Hg. 29 In the present case, the Foley catheter balloon was deflated for periods, yet left in place for 13 days. Despite being deflated, the catheter might still have contributed to the development of the pseudoaneurysm. Selcuk et al reported a pseudoaneurysm of the anterior ethmoid artery that was caused by the prolonged use of a nasogastric tube. 30 Gauze packing also exerts unevenly distributed pressure on the nasal mucosa, thereby posing a risk for pressure necrosis. The large pores in the gauze also allow for epithelial ingrowth, which predisposes the mucosa to injury during packing removal. 31 Therefore, the Foley balloon catheter and/or the BIPP packing used in the present case might have led to ischemic necrosis and/ or trauma to the SPA wall and facilitated the development of the pseudoaneurysm. It is also possible that the posterior packing exerted an inelastic compressive or tamponade effect on the hemorrhage, allowing for the formation of a hematoma. Because of the patient's myelodysplasia, blood flow between the artery and hematoma continued, which might have resulted in the development of the pseudoaneurysm.
Diagnosis. The diagnosis of SPA pseudoaneurysms is based on clinical findings of a pulsatile intranasal mass that may be associated with epistaxis. The differential diagnosis of an intranasal pseudoaneurysm includes hematoma, neoplasm, abscess, cyst, and adenoma. 24 Cases of epistaxis secondary to a pseudoaneurysm of the internal carotid artery have been reported to have a variable latency period, ranging from days to years (mean: 3 wk). 32 The diagnosis is therefore often delayed, which has an impact on the timing of diagnostic imaging. It would seem that the ideal timing for CT or angiography would be 1 to 3 weeks after the injury.
A pseudoaneurysm was suspected in the present case on the basis of the timing of its onset (13 days), the history of recent ESS, the presence of severe epistaxis, and the intraoperative findings of a pulsatile mass in the area of the sphenopalatine foramen. CTA was initially obtained to establish the diagnosis and to delineate the location and extent of the lesion in light of the altered anatomy after ESS. CTA has several advantages over standard angiography: it is noninvasive, it is faster, it allows for viewing in multiple dimensions, and it poses less risk of complications. 21 On the other hand, it requires radiation and a contrast load.
Angiography is very selective and specific, and it offers certain other advantages over CTA: It can identify abnormal vascular anatomy, arteriovenous fistulas, and pseudoaneurysms; it can define collateral blood flow; it can precisely locate a bleeding vessel; and it allows for simultaneous and selective embolization, 23, 33 particularly during active bleeding. 11 Management. Hemorrhage from an SPA is potentially life-threatening and warrants urgent treatment. Because of the rarity of SPA pseudoaneurysms, no treatment algorithm exists. Management options include noninvasive and invasive procedures. Among the noninvasive techniques are packing and observation, while invasive modalities include surgical excision, ligation, and percutaneous embolization.
Packing. Packing and observation are aimed at accelerating spontaneous thrombosis by eliminating blood flow in the pseudoaneurysmal sac and thus converting the lesion into a hematoma. 24 Posterior packing is associated with a failure rate of 25 to 52% and a complication rate of 2 to 68.8%. 30, 34 Complications include dysphagia, synechia, eustachian tube obstruction, sinusitis, septal perforation, toxic shock syndrome, angina, periorbital cellulitis, iatrogenic obstructive sleep apnea, aspiration, and sudden death. 7, 17, 27, 35 Posterior packing requires oximetry and cardiac monitoring in a facility equipped with an intensive care unit. In the present case, posterior packing enabled the patient to be stabilized. However, it is likely that it also contributed to the development of the pseudoaneurysm and to some of the postoperative complications, which delayed definitive treatment.
Excision. Excision often involves preoperative emboli-zation. It is usually considered a last resort after ligation and/or embolization have failed. 24 Ligation. Ligation techniques include transantral ligation of the maxillary artery, ligation of the external carotid artery in the neck, and endoscopic SPA ligation (ESAL).
Transantral and external carotid artery ligation divide the artery at a distance from the point of epistaxis, which increases the risk of failure due to collateral circulation. 34 The transantral approach risks damage to the infraorbital nerve and teeth, oroantral fistula, ophthalmoplegia, and blindness. 36 External carotid artery ligation requires neck exploration, which carries a risk of damage to vital structures, particularly in a coagulopathic patient with tortuous, atherosclerotic vasculature, such as the patient in the present case.
ESAL of the vessel immediately proximal to the pseudoaneurysm site has been described as the treatment of choice for persistent posterior epistaxis. ESAL has been found to be more successful than both maxillary artery embolization and nasal packing. 17, 36 In a systematic review of surgical procedures for posterior epistaxis, Feusi et al reported that the rates of rebleeding within 1 year after maxillary artery and SPA ligation ranged from 0 to 44% and 0 to 30%, respectively. 37 Maxillary artery ligation has been associated with a success rate of 90% and an overall complication rate of 28%, 17 while SPA ligation (ESAL) has been associated with a mean success rate of 98% 17, 36 and a complication rate of 0 to 53%. 37 The success rate of ESAL rose to 100% when a ligating clip and diathermy were used. 36 Compared with Vaseline nasal packs, ESAL with or without anterior ethmoid artery ligation was found to be more effective (89 vs. 50%), better tolerated, and associated with a significantly shorter hospital stay and less cost. 38 Moreover, in a retrospective review of 25 patients, Miller et al found that ESAL was significantly less expensive than embolization. 39 Unfortunately, although ESAL involves ligation as close as possible to the bleeding vessel, reperfusion may still be rapid because of vascular anastomoses from the contralateral external carotid system and/or the ipsilateral and contralateral internal carotid artery branches. 23, 40 Another potential cause of an unsuccessful ESAL is a failure to identify and ligate all the branches of the artery, as discussed earlier. 17, 41 To date, only 1 case of SPA pseudoaneurysm treated with ESAL has been reported. Wong et al used ESAL to successfully treat an SPA pseudoaneurysm that developed after radiotherapy for nasopharyngeal carcinoma. 42 Unfortunately, the evidence supporting the use of ESAL for the treatment of SPA pseudoaneurysms is based on small patient numbers, and many of these series excluded patients with coagulation disorders.
Embolization. Embolization converts a pseudoaneurysm into a hematoma that is reabsorbed over time. The aim of embolization is not to occlude the proximal vessels, as this stimulates growth of a collateral blood supply. 33 Instead, embolization is aimed at obliterating any collateral vessels in the distal vascular bed that may supply the source of the hemorrhage. 11, 33 Some authors have recommended embolization as the treatment of choice for epistaxis secondary to a pseudoaneurysm arising from a branch of the maxillary artery. 14, 22 A search of the literature revealed only 9 cases of an SPA pseudoaneurysm that was treated with embolization. [10] [11] [12] [13] [14] 23 Embolization was unsuccessful after 2 attempts in only 1 of these 9 cases; that patient was eventually managed with external carotid artery ligation. 14 Embolization has several advantages over other options: (1) it allows for access to areas that are not accessible surgically, (2) it requires only local anesthesia, which allows for continuous monitoring of the patient's neurologic status, (3) it can be performed in conjunction with diagnostic angiography, and (4) it is selective, allowing for preservation of uninvolved branches. 22 Reported overall success rates for SPA embolization range from 71 to 95%, 17 while complication rates are in the area of 27 to 29%. 17, 25 Among the complications of SPA embolization are hemorrhage, hypersensitivity reactions, neurologic sequelae, facial pain, paresthesia, ophthalmoplegia, and blindness. 25, 43, 44 In addition, coils can migrate, and embolization materials can reflux into the internal carotid artery system. 33 It has been recommended that any surgical management be undertaken only if other modalities have failed and if the risk of injury to adjacent structures and the risk of pseudoaneurysm rupture are low. 11 In the present case, surgical ligation was not attempted because it was considered to be hazardous due to the size and location of the pseudoaneurysm, the patient's comorbidities, and her complicated postoperative course. This decision is supported by the findings of Kumar et al, who found that while ligation was successful in most cases, it was not successful in patients with underlying bleeding disorders and coagulopathies. 36 Furthermore, the success rate of embolization is comparable to that of ESAL, and ESAL potentially has a higher complication rate.
In the present case, the patient's SPA pseudoaneurysm extended to the maxillary artery, so ligation would most likely have required a transantral approach. Her angiography demonstrated tortuous anatomy that would have made identification of the maxillary artery difficult via this approach. Occlusion of the distal maxillary artery was chosen over filling the pseudoaneurysmal sac with coils because a pseudoaneurysm lacks true walls and can expand when filled. There was also a desire to avoid placing a mass of coils in the nasal passage.
Prevention. Injury to the SPA can be avoided by careful pre-and intraoperative inspection of imaging, careful surgical planning, attending to modifiable patient comorbidities, preoperative vasoconstriction, total intravenous anesthesia, 4 and strict control of intraoperative hemorrhage; by entering the sphenoid sinus 1.5 cm above the upper border of the choana; and by not extending the sphenoidotomy into the inferolateral corner. 45 The mucosa of the anterior wall of the sphenoid sinus may also be peeled or dissected inferiorly, which can allow for selective removal of the bony wall without damaging the septal branch of the SPA. 18 During the creation of a middle meatal antrostomy, the surgeon should remove the inferior and posterior portions of the perpendicular plate of the palatine bone with caution, taking care to avoid injury to the posterolateral nasal artery. Posterior packing should be removed within 5 or 6 days.
In conclusion, careful patient selection, preoperative planning, meticulous technique, and a minimal duration of packing (if required) may prevent SPA pseudoaneurysm. Angiography is mandatory when severe posterior epistaxis is encountered during or after functional ESS when the source cannot be controlled or identified. The management of a ruptured pseudoaneurysm should initially involve nasal packing and blood transfusion if required. The choice of ligation or embolization depends on the anatomy and patient, staff, and resource factors. In hindsight, optimal management in the present case would have involved earlier removal of the packing and earlier angiography and embolization.
